Benzodiazepine (BZD) use may be associated with dementia. However, differing opinions exist regarding the effect of BZDs on long-term changes in cognition. We evaluated the association between BZD use and cognitive decline in the elderly with normal cognition from the National Alzheimer's Disease Coordinating Center's Uniform Data Set. The study exposure, BZD use, was classified 2 ways: any-use [reported BZD use at a minimum of 1 Alzheimer's disease center (ADC) visit] and always-use (reported BZD use at all ADC visits). The reference group included participants without any declared BZD use at any Alzheimer's Disease Center (ADC) visit. The main outcome measures were Clinical Dementia Rating Sum of Boxes score and Mini-Mental State Examination score. We observed a decline in cognitive status over time in the 2 comparison groups. All participants who reported taking BZDs had poorer cognitive performance at all visits than nonusers. However, cognitive decline was statistically similar among all participants. We found no evidence of an association between BZD use and cognitive decline. The poor cognitive performance in BZD users may be due to prodromal symptoms caused by preclinical dementia processes.
B enzodiazepines (BZDs) are the most frequently prescribed psychotropic medication class for treating the symptoms of anxiety and sleep disorders. Typically, shortacting and intermediate-acting BZDs are prescribed for insomnia symptoms and longer-acting BZDs treat anxiety. 1 In the United States, BZDs are the most commonly prescribed anxiolytic medications among the elderly, 2 although in other developed countries, their use is less common. [3] [4] [5] [6] [7] Although BZDs are approved as an effective medication regimen, some cognitive risks, including incident dementia, have been observed in conjunction with their use. [8] [9] [10] Recognized short-term effects of BZDs include impairment of new memory formation and, in some instances, complete anterograde amnesia. 11 In clinical practice, when short-term effects of BZDs on cognition are observed, lowering medication dosage has been observed as a strategy that improves the cognitive impairment. 12 The association between BZDs and long-term outcomes, however, are less clear. The majority of existing research has found a higher risk of dementia or cognitive impairment in long-term BZD users, [8] [9] [10] [13] [14] [15] although 1 case-control study that examined potential neuroprotective effects of BZDs reported results suggesting a potential protective effect of BZDs on cognition. 16 A meta-analysis and a literature review also have resulted in different findings on the strength of this association. 17, 18 A reverse casual link may exist between BZD use and dementia incidence and/or cognitive decline; the introduction of BZDs for treating sleep disorders or anxiety may indicate the onset of dementia-related neuropathology long before a clinical diagnosis of dementia. 12, 19 To provide further evidence on whether exposure to BZDs is associated with an increased risk of cognitive decline, we evaluated the association of BZDs on cognitive decline in a clinic-based case series of volunteers at Alzheimer's Disease Centers (ADC), facilities across the United States that conduct a standardized evaluation of enrolled volunteers, who range from cognitively normal status to having mild cognitive impairment or Alzheimer disease and related disorders.
METHODS

Participants
Data were collected prospectively at 31 past and presently funded National Institute on Aging Alzheimer's disease center between September 2005 and March 2013. 20 Study participants undergo evaluations of cognitive performance at an initial visit, and then at approximately annual follow-up visits; at each of these ADC visits, trained clinicians collect detailed information on personal characteristics, demographics, life habits, current health conditions and disease history, drug use, functional abilities, depressive symptoms, and cognitive status. This information is recorded as part of the Uniform Data Set (UDS). 21 The UDS is a longitudinal, standardized dataset maintained by the National Alzheimer's Coordinating Center. The UDS data consists of about 725 variables obtained from annual comprehensive evaluations of 30,955 research volunteers (by December 2014), using up to 18 standardized forms at each visit.
Study inclusion criteria for BZD users were: (1) a minimum of 1 self-report of BZD use in the 2 weeks before an annual ADC visit. The first visit where BZD use was reported acted as study baseline for that participant; (2) a minimum of 3-year follow-up after first reported BZD use, to provide time to observe potential longitudinal cognitive changes; and (3) a clinical diagnosis of normal cognition at study baseline, to minimize the possibility of observing an association due to reverse causation. For approximately 75% to 80% of ADCs, cognitive diagnosis is made after 2 or more clinicians discuss the patient's clinical history and neuropsychological test performance, and reach a consensus. 22 Participants who had never reported BZD use during follow-up (no-use group) served as the reference group for analysis. The reference group also was required to have a minimum of 3-year follow-up and a clinical diagnosis of normal cognition at study baseline.
Participants who were not assessed by the Mini-Mental State Examination (MMSE) and Clinical Dementia Rating Sum of Boxes (CDR-SB) at any of their ADC visits were excluded in our analysis.
Exposure Definition and Measurement
As part of the ADC evaluation, volunteers are asked to report any medications used in the 2 weeks before each annual visit. Study participants were categorized as a BZD user if they reported having taken any of the following 39 We defined 2 types of BZD exposure for analysis. The first group, any-use, includes participants who reported BZD use at a minimum of 1 ADC visit. The second exposure group, always-use, includes participants who reported BZD use at all ADC visits. We analyzed always-users separately from participants with any-use to evaluate possible differences in outcomes associated with consistent, long-term BZD use.
Outcome Definition and Measurement
We assessed cognitive change using 2 different outcome measures: (1) CDR-SB score; and (2) MMSE score. CDR-SB evaluates cognitive and functional performance, with scores ranging from 0 to 18 (a higher score signifies more impairment). 23, 24 MMSE assesses overall cognitive status, ranging from 0 to 30 points, with a lower score indicating more cognitive impairment. 25 We chose to use test scores as our outcome measures, rather than incident dementia, under the assumption that incident dementia would be difficult to observe in the relatively short followup time of a cohort with normal cognition at baseline.
Covariates
We adjusted for the following covariates: age (years, continuous), sex (male/female), education level (0 to 30 y, continuous), alcohol consumption status (yes/no), smoking status (yes/no), race (white/nonwhite), and presence versus absence of self-reported history of diabetes mellitus, hypertension, hypercholesterolemia, heart disease, stroke or transient ischemic attack, family dementia history, and brain injury history at baseline.
As depression is thought to be a potential prodromal symptom of dementia, 26 depressive symptoms were not considered as a potential confounder in our analysis.
Statistical Analysis
We used descriptive statistics to summarize baseline characteristics between the BZD any-users and nonusers. We then used Generalized Estimating Equations to determine whether there was a difference in cognitive change over time between the BZD any-use and always-use groups, compared with nonusers (SPSS 19.0; IBM SPSS Inc.). Neither of the 2 response variables (CDR-SB, MMSE) fulfilled normality assumptions, and thus, they both were modeled as ordinal variables using logistic regression models. For our primary analysis, we implemented maineffect models for BZD use and time, as well as main-effect models plus an interaction between time and BZD use. For each approach, there were a total of 4 different regression models. We ran models assessing the following effects on cognitive decline: (1) BZD use (any-use and always-use); (2) time; and (3) interaction effect between BZD use and time. As a secondary analysis, we restricted the study population to participants whose APOE e4 status was known, and ran the same models as used in the primary analysis.
In the first set of models, we evaluated the main effects of BZD use and time (years since baseline, continuous) on cognitive change over time. Because the visit intervals were approximately 1 year, time was treated as a continuous variable, coded 1 to 7, corresponding to visit numbers. 21 In the next set, we added an interaction term, for the interaction between time and BZD use, to the main-effects model. The interaction term allow us to test whether cognitive status in participants using BZDs declined over time more rapidly than those never using BZDs. In the third set, we focused on a subgroup of participants with APOE e4 status available. APOE e4 variant status (present/absent) was added as a covariate to the main-effect models and the interaction effect models, which were implemented in the first 2 sets of analyses. In these models, we tested the association between the 2 exposure groups (BZD any-use and always-use BZD) and 2 outcome measures (CDR-SB, MMSE).
The different slopes for change over time between BZD any-users and nonusers were presented graphically based on the main-effect models from the first analysis set. Because an ordinal logistic regression model was used, the predicted values were probabilities of an outcome category/ range rather than a single value.
Because 16 regression models were run in total, we adjusted the threshold P-value for declaring significance to control type I error. Using the false discovery rate, approximation equation a(m + 1)/2m, where a is the original conventional threshold of 0.05 and m is the number of tests, the adjusted threshold P-value was 0.027. 27 
RESULTS
Study participants reported having taken 11 different BZDs, which included (from highest to lowest prevalence): lorazepam, clonazepam, alprazolam, temazepam, diazepam, triazolam, oxazepam, clorazepate, chlordiazepoxide, estazolam, and flurazepam. Table 1 shows the demographic and clinical characteristics of participants included in the main analyses according to BZD exposure status at baseline. Among the 5423 eligible participants, the mean follow-up was 4.78 ± 1.38 years (median: 5.00 y), 405 (7.5%) reported use of a BZD at least once (mean number of times reported: 3.45, SD: 1.57; the percentage of visits at which BZD use was reported was 60.7%), 177 (3.5%) reported BZD use at every ADC visit, and 5018 (92.5%) never reported taking BZD at any visit. Mean follow-up was 5.05 years (SD: 1.35 y) for the any-use group, 4.92 years (SD: 1.38 y) for the always-use group, and 4.74 years (SD: 1.35 y) for nonusers. Although all study participants had a clinical diagnosis of normal cognition at study baseline, over 10% had CDR-SB scores of >0 and over 5% had MMSE score of <27.
Many statistically significant differences existed between BZD any-users and nonusers at baseline. Compared with nonusers, BZD any-users were more likely to report alcohol and tobacco use, to be white, and to have a higher prevalence of depressive symptoms. Also, BZD any-users were more likely to report a history of hypertension, hypercholesterolemia, heart disease, and stroke or transient ischemic attack. Baseline MMSE score was not statistically significantly different between BZD any-users and nonusers, but baseline CDR-SB score was higher for BZD any-users than nonusers.
Main-effects models for time estimated that cognition declined significantly over time, as measured by both the MMSE and CDR-SB ( Table 2 ). The main effects for BZD use were inconsistent on MMSE score and CDR-SB score. No significant association between BZD use and MMSE was observed. However, compared with no BZD use, the associations between BZD use and CDR-SB was observed to be significant. The results were consistent despite of 2 comparisons (any-use vs. no-use, always-use vs. no-use).
In all interaction effect models, the interaction term was not significant, indicating no difference in cognitive changes over time between any-users/always-users and nonusers. In other words, although the cognition of both any-users/always-users and nonusers significantly declined over time, the cognition of any-users/always-users did not decline faster than nonusers over time.
APOE e4 status was available for 4398 (81.1%) participants. Only 1 finding changed in our supplemental analyses. After adjusting for APOE e4 variant status in a main-effects model, the effect of always-use on CDR-SB was not significant (P = 0.083). Figures 1 and 2 illustrate the trend of cognitive decline in our study cohort. Figure 1 shows the slopes for CDR-SB change over time between BZD any-use group and no-use group based on a main-effect model. The vertical axis is the predicted probability for CDR-SB score to be 0 (tend to normal cognition). A larger probability indicates that the CDR-SB score of participants was more likely to be 0. The results showed that the probability of normal cognition, measured by the CDR-SB, for both the BZD any-use group and the no-use group declined over time; however, the slopes for change were not different, indicating no interaction effect between any BZD use and time. Figure 2 shows the slopes for MMSE score change over time between the BZD any-use group and the no-use group based on the main-effect model. The vertical axis represents the predicted probability of an MMSE score Z27, where a larger probability indicates that the participants' MMSE scores were more likely to be in the normal cognition range. Although the probability for both the BZD any-use group and the no-use group declined over annual ADC visits, the decline was slight (the probability decreased from 0.91 to 0.89) and did not differ statistically between these groups.
DISCUSSION
We did not observe an association between BZDs and cognitive decline. In addition, we did not detect a faster decline in cognitive status among participants reporting BZD use, compared with participants not reporting BZD use.
Our findings were consistent with 3 previous case-control studies that reported no significant association between BZD use and cognitive function impairment. [28] [29] [30] [31] Among the existing studies, a variety of different tools were used to measure cognitive status, and most studies had a sample size smaller than ours, which may explain some of the differences in findings. In 1 prospective study, using the Short Portable Mental Status Questionnaire, BZD dose and duration of use were associated with poorer memory. 3 More recent cohort studies also have reported that long-term BZD use leads to long-term memory impairment, specifically in women. 13 wOn the basis of the participants with APOE e4 data (322 BZD anyusers vs. 4075 nonusers).
zCDR-SB data were missing for some participants (276 missing in BZD any-users and 9 missing in nonusers) at baseline. yMMSE data were missing for some participants (243 missing in BZD any-users and 9 missing in nonusers) at baseline. BZD indicates benzodiazepine; CDR-SB, Clinical Dementia Rating Sum of Boxes; MMSE, Mini-Mental State Examination. Insomnia, depression, and anxiety are often prodromal symptoms of cognitive decline, all of for which BZDs are commonly prescribed. 8 A major challenge of observational studies is collecting data over a long enough time period to minimize the possibility of reverse causation. In our study, although all participants were cognitively normal at baseline, a small but significant difference in cognitive status, as measured by the CDR-SB, persisted between BZD any-users and nonusers. We chose CDR-SB and MMSE as study outcomes in the hope that they would be more sensitive to cognitive change over time, and were more appropriate endpoints than an incident dementia diagnosis for our study population, due to the relatively short follow-up time.
This study had several strengths. First, data were collected using standardized cognitive testing at each ADC visit and, subsequently, the cognitive status of participants was diagnosed by clinicians, ensuring the reliability of measure data. Secondly, APOE e4 variant is a well-known risk factor for both dementia and cognitive decline. Although unavailable for all study participants, we were able to adjust our primary analysis models for APOE e4 allele status, information unavailable in most previous studies. 3, [8] [9] [10] [13] [14] [15] 31 An additional strength of our study was its longitudinal nature, allowing us to use measurements from multiple, consecutive ADC visits to assess cognitive change, rather than compare only baseline and endpoint data.
Our study also had some limitations. We had relatively small sample sizes of BZD any-users and always-users, thereby limiting the power for analyses. Secondly, the study was based on a short follow-up period relative to potential effects of BZDs, which limited our ability to assess the delayed effects of BZD exposure. More specifically, if exposure to BZDs leads to delayed adverse outcomes, past the time window captured in our cohort, we would be unable to detect such changes. Several studies that found adverse cognitive outcomes associated with BZD use have >5 years of follow-up after initiation of BZD treatment. [8] [9] [10] 15 Finally, information was unavailable regarding specific details of BZD medication history. Thus, we had no information regarding the precise duration of BZD use for participants, nor did we have information on medication dosage, both of which could influence our findings if a dose-response relationship exists or if duration of exposure is associated with cognitive decline. Moreover, subjects were just asked for medication use only in the 2 weeks before an annual ADC visit, thus, if BZD was taken in the following weeks by these participants, they would have been misclassified as nonusers, underestimating the level of exposure in our study.
In conclusion, we did not find evidence that BZD use was associated with cognitive decline in our cohort. The poorer cognitive performance observed in BZD users may be due to the prescription of BZD to treat prodromal symptoms of dementia before the condition is clinically diagnosed. Even if confounding by indication had created a bias in which BZD users would represent participants with more advanced underlying neuropathology, we did not find a difference in slopes of cognitive decline.
BZDs remain useful for the treatment of anxiety and insomnia. Further research should explore whether there is an association between dosage or cumulative length of exposure to BZDs and cognitive decline in larger cohorts with longer follow-up time. In addition, researchers may consider whether changes in BZD regimens will influence cognitive functioning.
